Systemic administration of cannabinoid agonists impairs cerebellum-dependent motor learning. The cannabinoid-induced impairment of motor learning has been hypothesized to be due to disruption of Purkinje cell plasticity within the cerebellar cortex. In the current study, we tested this hypothesis in rats with localized microinfusions of cannabinoid agonists and antagonists into the cerebellar cortex during eyeblink conditioning, a type of cerebellum-dependent motor learning. Infusions of the cannabinoid agonists WIN55,212-2 or ACEA directly into the eyeblink conditioning microzone of the cerebellar cortex severely impaired acquisition of eyeblink conditioning, whereas the CB1R antagonist SR141716A did not produce a significant impairment. Infusions of WIN55,212-2 outside of the eyeblink conditioning microzone did not impair motor learning, establishing anatomical specificity for the agonist effects. The motor learning impairment caused by WIN55,212-2 and ACEA was rescued by SR141716A, indicating that the learning deficit was produced through CB1Rs. The current findings demonstrate that the effects of cannabinoid receptor agonists on motor learning are localized to CB1Rs within a discrete microzone of the cerebellar cortex.
Introduction
Cannabinoid-1 receptors (CB1R) are the most abundant G-protein coupled receptors in the mammalian brain (Herkenham et al., 1990 (Herkenham et al., , 1991 . The highest density of CB1Rs is within the cerebellar cortex (Herkenham et al., 1990 (Herkenham et al., , 1991 Suarez et al., 2008) . This finding led to the examination of CB1R function on cerebellum-dependent motor learning using delay eyeblink conditioning (EBC). In delay EBC, a conditioned stimulus (CS; e.g., a tone) is paired with an unconditioned stimulus (US; e.g., periorbital stimulation). Before training the CS does not elicit eyelid closure, whereas the US elicits a reliable eyelid closure. Over repeated CS-US pairings an eyelid closure conditioned response (CR) occurs prior to US presentation. The neural circuitry underlying EBC includes the anterior interpositus nucleus and the eyeblink conditioning microzone within the cerebellar cortex, both ipsilateral to the conditioned eye (Heiney, Kim, Augustine, & Medina, 2014; Lavond, Hembree, & Thompson, 1985; Mostofi, Holtzman, Grout, Yeo, & Edgley, 2010; Steinmetz & Freeman, 2014; Yeo, Hardiman, & Glickstein, 1985) .
A well-established model of the neural mechanisms underlying EBC posits two crucial plasticity mechanisms: long-term depression (LTD) of parallel fiber to Purkinje cell synapses and long-term potentiation (LTP) of mossy fiber synapses within the anterior interpositus nucleus (Freeman & Steinmetz, 2011; Freeman, 2015; Mauk & Donegan, 1997; Medina & Mauk, 1999 , 2000 . During delay EBC, Purkinje cells develop pauses in simple spike firing within the CS period (Halverson, Khilkevich, & Mauk, 2015; Jirenhed, Bengtsson, & Hesslow, 2007) , which have been attributed to an LTD-like mechanism. Pauses in simple spike firing might also be due to long-term potentiation (LTP) of parallel fiber synapses with inhibitory interneurons (Gao, van Beugen, & De Zeeuw, 2012; Rancillac & Crepel, 2004) or an intrinsic mGluR7-mediated plasticity within Purkinje cells (Johansson, Carlsson, Rasmussen, Yeo, & Hesslow, 2015) . The pauses in simple spike activity are dependent upon the timing of the US, indicating that they play a role in CR timing (Green & Steinmetz, 2005; Halverson et al., 2015; Jirenhed et al., 2007) . Purkinje cells tonically inhibit the anterior interpositus nucleus. These pauses in simple spike activity then release the anterior interpositus nucleus from inhibition and allow for the induction of an LTP-like mechanism at mossy fiber synapses (Mauk & Donegan, 1997; Pugh & Raman, 2006 , 2008 Zheng & Raman, 2010) . Levenes, Daniel, Soubrie, and Crepel (1998) found that the CB1R agonists WIN55, 212-2 and CP55,940 impaired the induction of LTD, an effect which was blocked by the antagonist SR141716A. Furthermore, CB1R knockout mice or mice treated with the CB1R antagonist AM251 did not show LTD (Safo & Regehr, 2005 
